The results and value of conventional and axial angiocardiography were studied in 26 cases of atrioventricular discordance (AVD). The angiographic anatomy of this malformation was analyzed to determine the precise characteristics of atrioventricular and ventriculoarterial connections. The left and right ventricles in atrial situs solitus and levocardia show angiographic features that differ from those seen in atrial situs solitus and dextrocardia. The same differences are found in atrial situs inversus. Regardless of the type of ventriculoarterial connections, the ventricles maintain the same angiographic characteristics. The ventricular septum in AVD in situs solitus and levocardia and situs inversus and dextrocardia has a peculiar orientation. The use of axial angiocardiography facilitates detection and localization of the ventricular septal defect. In cases of malposition of the heart, the conventional frontal view allows visualization of the ventricular septum in all of its length. The axial projection is useful in diagnosing left ventricular outflow tract obstruction.
SUMMARY The results and value of conventional and axial angiocardiography were studied in 26 cases of atrioventricular discordance (AVD). The angiographic anatomy of this malformation was analyzed to determine the precise characteristics of atrioventricular and ventriculoarterial connections. The left and right ventricles in atrial situs solitus and levocardia show angiographic features that differ from those seen in atrial situs solitus and dextrocardia. The same differences are found in atrial situs inversus. Regardless of the type of ventriculoarterial connections, the ventricles maintain the same angiographic characteristics. The ventricular septum in AVD in situs solitus and levocardia and situs inversus and dextrocardia has a peculiar orientation. The use of axial angiocardiography facilitates detection and localization of the ventricular septal defect. In cases of malposition of the heart, the conventional frontal view allows visualization of the ventricular septum in all of its length. The axial projection is useful in diagnosing left ventricular outflow tract obstruction. ATRIOVENTRICULAR DISCORDANCE (AVD) is a congenital heart malformation that has received very wide clinical attention in the last decades. In AVD, by definition, the morphologic right atrium is connected to the morphologic left ventricle, and the morphologic left atrium is connected to the morphologic right ventricle.' These malformations are found in situs solitus as well as in situs inversus2 ' with either a right-sided (dextrocardia) or a left-sided (levocardia) cardiac apex. 4 5 Anderson6 was the first to describe the radiologic and angiocardiographic features of the commonest type of AVD, corrected transposition of the great arteries.2 3 6 8 The anatomic spectrum of AVD, studied recently by Anderson 19, 20 normally related great arteries21' 22 and a single artery arising from the heart3 have also been reported in association with AVD. Van Praagh23, 24 described a case of AVD with malposition of the great arteries; however, we are not aware of this variant having been diagnosed angiocardiograph-ically. We know of only one reported case of AVD with double outlet left ventricle.25
Materials and Methods
Twenty-six patients with AVD were selected for this study. The diagnosis was suspected clinically of the basis of chest roentgenographic and electrocardiographic findings, and was confirmed angiocardiographically in all cases.
The angiocardiographic study was made by injecting Conray 400 into the ventricles in all cases. Selective injections of contrast medium into the right and left atria also were performed in eight patients. The 26 patients were studied using the standard frontal and lateral projections. Biplane "four-chamber" views were obtained in four patients.
The visceral situs was determined by: (1) analyzing the P wave of the ECG, (2) delineating the position of the major lobe of the liver in the chest film and the position and connection of the systemic veins, and (3) visualizing the atria either during the levophase of the angiocardiogram or by selective left and right atriograms. Each case was further analyzed with respect to (1) the type of atrioventricular connections, (2) the anatomic features of both ventricles and (3) the ventriculoarterial connections.
Results
We studied 13 males and 13 females, ages 21 months to 21 years. Eighteen patients had atrial situs solitus; 14 had levocardia and four had dextrocardia. The other eight patients had atrial situs inversus, including two with dextrocardia and six with levocardia. Sixteen of our patients had transposition of the great arteries (ventriculoarterial discordance), six had double outlet right ventricle, three had normally connected great arteries (one of these had isolated ventricular discordance), and one had single outlet. The interrelations between the great arteries in these patients are shown in figure 1 . 
Discussion
The angiocardiographic diagnosis of AVD is made on the basis of the atrial situs, the nature of the atrioventricular connections, the morphology of the ventricles, and the ventriculoarterial connections.'5 The angiographic characteristics that are useful for the recognition of these features are described below.
Atrial Situs
The first step is to identify the type and position of the atria.15 The right atrium is angiocardiographically recognized by its appendage, which has a pyramidal shape, with its base attached to the atrial body. The left atrial appendage is usually not incorporated into the left atrial chamber; it is relatively small and can be recognized angiocardiographically by its finger-like appearance. 24 Atrioventricular Connections AVD is simply an inverted connection between the atria and ventricles. AVD may be shown angiographically by injecting contrast material into each atrium FIGURE 2. Selective right and left atriograms in atrioventricular discordance (AVD). (A) The right appendage (a) is pyramidal. The morphologic right atrium (RA) is connected to the morphologic left ventricle, which is triangular and located inferiorly and on the right. The concave left superior border is produced by the right ventricular systole (arrows). (B) The morphologic left atrium (LA) has a finger-like appendage (a) attached to its body. IVC = inferior vena cava; PA = pulmonary artery; Aoaorta; m = membranous septum. There are specific angiographic characteristics of the ventricles in cases with levocardia or dextrocardia in atrial situs solitus or inversus. To give a comprehensive presentation of the angiographic appearance of AVD we will analyze our findings, first in situs solitus with levocardia and dextrocardia, and then in situs inversus with dextrocardia and levocardia.
Situs Solitus
Levocardia. In the anteroposterior projection, the morphologic left ventricle is inferior and triangular, with an upper and medial base and smooth walls. The 409 Voi 62, No 2, AUGUST 1980 mitral valve forms the upper and right borders of the cavity. The left border of the outflow tract is formed by the membranous septum, whereas the right border is limited by the septal leaflet of the mitral valve ( fig. 3A ).
In the lateral view ( fig. 3B ) we can identify two ventricular structures. The first, which is larger and in a lower anterior position, is the inflow tract, with the sinus portion superimposed. The second structure, which is narrow, is the ventricular outflow tract. This recess situated in front of the outflow tract of the morphologic left ventricle.'5 16 This recess is not seen in the anterior view because it is superimposed over the outflow tract of the morphologic left ventricle. The remaining parts of the posterior border are formed by the inflow tract, with the sinus portion superimposed. The left ventricular outflow tract in the lateral view is formed posteriorly by the membranous septum and anteriorly by the free wall of this cavity, visualized above the ventricular recess (fig. 3B ).
The morphologic right ventricle also has an unusual location. In the frontal view ( fig. 3C ) it is located on the left of and superior to the morphologic left ventricle. Its major axis is oriented downward and right to left. There are two well-defined regions that correspond to the inflow and outflow tracts. The tricuspid ring is vertically oriented and forms the right border of the inflow tract. The outflow tract is limited on the right by the crista supraventricularis, which separates the tricuspid from the semilunar valves. The left border of the inflow and outflow tracts of the morphologic right ventricle is formed by the free wall ( fig.  3C ).
In the lateral projection, the outflow tract of the morphologic right ventricle is formed anteriorly by the free wall and posteriorly by the crista (fig. 3D ). The smooth part, which can be seen in both frontal and lateral views below the tricuspid valve, corresponds to the inflow region, which shows very thick trabeculae in its distal portion (figs. 3C and 3D).
The ventricular septum is rotated leftward and upward. The anterior and posterior borders are almost at the same height, and as a result the entire length of the septum can be visualized in the anteroposterior view. The contracted right ventricle often produces a concavity in the superior aspect of the opacified left ventricle ( fig. 2A ).
Dextrocardia. In the anteroposterior view, both ventricles are side by side. The usual relationship in dextrocardiathe left ventricle to the right of and inferior to the right ventricleis lost. The configuration of the morphologic left ventricle in this projection is different from that seen in levocardia. The inflow tract is ovoid and its walls are smooth. The mitral valve is situated on the right and superiorly, forming the upper segment of the right border of the inflow tract, and the remainder of this border corresponds to the free wall of the chamber. The left ventricular border is the anterior portion of the ventricular septum. The left border of the outflow tract of the morphologic left ventricle is formed by the membranous septum, whereas the right border is formed by the septal leaflet of the mitral valve. The ventricular recess cannot be visualized in the anteroposterior view because it is superimposed on the left ventricular infundibulum. In this type of malposition, the ventricular septum tends to be perpendicular to the horizontal plane (figs. 4A and 4B).
In the lateral view ( fig. 4C ) we also visualize two regions, one anteroinferior and one posterosuperior. The former corresponds to the inflow tract, and appears larger because the major ventricular axis is perpendicular to the x-ray beam. The anterior margin of the ventricular chamber is formed by its anterior wall; this chamber enlarges superiorly due to the presence of the recess. The anteroinferior and posteroinferior borders and the cardiac apex are constituted by the inflow tract. The posterosuperior region corresponds to the left ventricular outflow tract, which can be recognized by its peculiar narrow shape. It is limited anteriorly by the free wall of the left ventricle and posteriorly by the membranous septum ( fig. 4C ).
The borders of the morphologic right ventricle are formed by structures that differ from those observed in cases with levocardia. In the anteroposterior projection, most of the right border of the right ventricle is formed by the union of the anterior portion of the septum and the anterior wall of this chamber. The left border corresponds inferiorly to the free wall and superiorly to the ring of the tricupsid valve (figs. 3C and 4D). The smooth part of this ventricle that can be seen immediately below the atrioventricular valve is the inflow tract, which shows very thick trabeculae in its distal portion (as in cases with levocardia). In the anterior and lateral views, the crista supraventricularis constitutes the right and posterior borders of the outflow tract, respectively; the free wall of this ventricle forms the left and anterior borders ( fig. 4D ).
Situs Inversus
In situs inversus the angiocardiographic findings in dextrocardia and levocardia are the mirror images of those in situs solitus.
Dextrocardia. In the anteroposterior projection, the morphologic left ventricle is inferior and anterior; it is triangular and has smooth walls. Its outflow chamber has a medial position; the left border is formed by the septal leaflet of the mitral valve, and the right border is formed by the membranous septum (fig. SA) . In the lateral view, the inflow tract is short because the x-ray beam is parallel to the major axis of the ventricle, as in situs solitus and levocardia. The recess can be seen in front of the outflow tract of the left ventricle ( fig. 5B) . 6A ). As far as we know there are no reported cases with discordant ventriculoarterial connection with posterior aorta. The second most frequent type of ventriculoarterial connection was double outlet right ventricle. In all patients with this finding, the aorta was anterior and the pulmonary artery was posterior. The ventricles showed the same angiographic morphology described previously ( fig. 7) . No patient in this series had a double outlet left ventricle.
With isolated ventricular discordance15' 19, 20 (figs. 8A and 8B) and with normally related great arteries,21' 22 the pulmonary artery was visualized connected to the morphologic right ventricle and the aorta to the morphologic left ventricle.
The conventional anteroposterior and lateral projections allow us to establish the type of atrioventriculo-arterial connection. The spatial position of the ventricular septum in cases of situs solitus and levocardia and situs inversus with dextrocardia does not permit localization of the site of the ventricular septal defect. In these circumstances the axial projection'5 17 is of great value because the ventricular septum can be seen in all of its length.
In the four-chamber view, the left border of the morphologic left ventricle is formed in its upper third by the membranous septum and in its lower two thirds by the muscular septum, which is concave during systole (fig. 9A ). The right border of the morphologic right ventricle corresponds in its upper portion to the anterior wall of the outflow tract, and the inferior portion to the ventricular septum, which is convex to the right during systole ( fig. 9B ). In this case we may see the entire length of the ventricular septum and localize the precise site of the septal defect ( fig. 9C ).
The lateral view shows a recess above the tricuspid ring. This recess is formed anteriorly by the posterior wall of the horizontal portion of the crista supraventricularis, and posteriorly by the parietal leaflet of the tricuspid and free wall of the morphologic right ventricle ( fig. 9D ). This recess could be mistakenly interpreted as tricuspid valve prolapse, a common malformation in AVD. 9 10, 15 In the cases of situs solitus with dextrocardia and 414 CIRCULATION situs inversus with levocardia, the ventricular septum is perpendicular to the frontal plane, and the position of the ventricular septal defect may be identified in the conventional anteroposterior projection ( fig. SA) .
Regardless of the localization of the cardiac apex, the axial projections are useful in visualizing the left ventricular outflow tract,27 and in characterizing infundibular pulmonic stenosis, a frequent malformation in AVD ( fig. 10 ).
